The mechanisms for neurodegeneration after hypoxia-ischemia (HI) in newborns are not understood. We tested the hypothesis that striatal neuron death is necrosis and evolves with oxidative stress and selective organelle damage. Piglets (ϳ1 week old) were used in a model of hypoxia-asphyxia and survived for 3, 6, 12, or 24 h. Neuronal death was progressive over 3-24 h recovery, with ϳ80% of putaminal neurons dead at 24 h. Striatal DNA was digested randomly at 6 -12 h. Ultrastructurally, dying neurons were necrotic. Damage to the Golgi apparatus and rough endoplasmic reticulum occurred at 3-12 h, while most mitochondria appeared intact until 12 h. Mitochondria showed early suppression of activity, then a transient burst of activity at 6 h, followed by mitochondrial failure (determined by cytochrome c oxidase assay). Cytochrome c was depleted at 6 h after HI and thereafter. Damage to lysosomes occurred within 3-6 h. By 3 h recovery, glutathione levels were reduced, and peroxynitritemediated oxidative damage to membrane proteins, determined by immunoblots for nitrotyrosine, occurred at 3-12 h. The Golgi apparatus and cytoskeleton were early targets for extensive tyrosine nitration. Striatal neurons also sustained hydroxyl radical damage to DNA and RNA within 6 h after HI. We conclude that early glutathione depletion and oxidative stress between 3 and 6 h reperfusion promote damage to membrane and cytoskeletal proteins, DNA and RNA, as well as damage to most organelles, thereby causing neuronal necrosis in the striatum of newborns after HI.
INTRODUCTION
Hypoxia-ischemia (HI) in newborns is a major cause of pediatric mortality and morbidity and causes brain damage resulting in life-long neurobehavioral handicaps. In human newborns (Volpe, 1995; Roland et al., 1998; Maller et al., 1998) and in some pediatric animal models (Martin et al., 1997a,b) , HI causes a characteristic encephalopathy, with basal ganglia and somatosensory systems showing selective vulnerability. However, the mechanisms that cause this brain damage in HI neonates remain unclear. Glutamate receptor-mediated excitotoxic cell injury is a possible mechanism for this neuronal degeneration following HI in newborns (Olney, 1994; Martin et al., 1998a) . Using a newborn piglet model of cardiac arrest that causes reproducible damage to the basal ganglia (Martin et al., 1997b,c) , we found that the protein levels of specific subtypes of glutamate transporters (e.g., GLT1 and EAAC1) are reduced in striatum at 24 h recovery and thereafter (Martin et al., 1997c) and that functional
